Abstract: Acute heart failure is a common condition associated with considerable morbidity, mortality, and cost. However, evidence-based data on treating heart failure in the acute setting are limited, and current individual treatment options have variable efficacy. the healthcare team must often individualize patient care in ways that may extend beyond available clinical guidelines. in this review, we address the question, "How do you do the best you can clinically with incomplete evidence and imperfect drugs?" expert opinion is provided to supplement guideline-based recommendations and help address the typical challenges that are involved in the management of patients with acute heart failure. Specifically, we discuss 4 key areas that are important in the continuum of patient care: differential diagnosis and risk stratification; choice and implementation of initial therapy; assessment of the adequacy of therapy during hospitalization or observation; and considerations for discharge/transition of care. A case study is presented to highlight the decision-making process throughout each of these areas. evidence is accumulating that should help guide patients and healthcare providers on a path to better quality of care.
C linical guidelines for heart failure focus primarily on chronic rather than acute disease management, 1,2 despite the substantial morbidity, mortality, and cost associated with acute heart failure (AHF). 3, 4 this is a reflection of sparse evidence-based data in the acute setting and begs the question, "How do you do the best you can clinically with incomplete evidence and imperfect drugs?" in this article, we review the most recent American college of cardiology Foundation/American Heart Association guidelines 1 and, beyond these recommendations, provide expert opinion to help providers address the common challenges that are involved in the management of patients with AHF. Only summary statements are made with respect to the American college of cardiology Foundation/ American Heart Association guidelines as it was not our intention to fully reproduce the guidelines in detail. we discuss 4 key areas: differential diagnosis and risk stratification; choice and implementation of initial therapy; assessment of the adequacy of therapy during hospitalization or observation; and considerations for discharge/transition of care. A case study representing a typical patient is interwoven throughout each of these sections.
DIFFERENTIAL DIAGNOSIS AND RISK STRATIFICATION Case Study
Josephine was a 70-year-old white woman measuring 5 feet 4 inches tall who was a former heavy smoker. She presented to the emergency department (eD) complaining of progressively worsening breathlessness over 7 days, now present at rest, with the onset of orthopnea, mildly productive cough, and wheezing for the past 2 days. Josephine had a history of hypertension, chronic heart failure, and chronic obstructive pulmonary disease. She had been admitted for AHF 1 year ago and pneumonia 4 months ago. Her left ventricular ejection fraction measured 3 months ago was 47%. On physical examination, her blood pressure was 160/100 mm Hg, heart rate was 95 beats/min and regular, and temperature was 38.0°c. Body weight was 165 pounds and had increased by 6 pounds since it was last measured 3 months ago. the patient had wet rales and some wheezes, more prominent on the left side, 10 cm of jugular venous distension, an audible fourth heart sound, and mild pitting edema in both legs. A chest radiograph showed pulmonary venous congestion and no infiltrates. A 12-lead electrocardiogram showed left ventricular hypertrophy and normal sinus rhythm, but no indication of ischemia or infarction. Noteworthy laboratory findings included a positive high-sensitivity cardiac troponin i of 100 ng/l (upper reference limit of 24-30 ng/l 5 ), blood urea nitrogen level of 47 mg/dl, serum creatinine level of 1.1 mg/dl, estimated glomerular filtration rate of 52 ml/min/1.73 m 2 , a white blood cell count of 12,500 cells/ mm 3 , and mildly increased liver enzymes. Josephine was already being treated with enalapril 10 mg twice daily, bisoprolol 10 mg once daily, and triamterene 100 mg twice daily for her chronic heart failure and hypertension. A brain natriuretic peptide level was not sampled upon presentation.
Differential Diagnosis
Dyspnea is the most common symptom of patients presenting with AHF in the emergency setting. However, this symptom is nonspecific because many other medical conditions are commonly associated with dyspnea, including pneumonia, exacerbations of chronic obstructive pulmonary disease, pulmonary embolism, acute coronary syndrome, and asthma. this can make the diagnosis or exclusion of AHF a challenge.
Brain natriuretic peptide and N-terminal probrain natriuretic peptide levels also play an important role in the diagnosis of AHF (table 2) , 8 although no values are 100% diagnostic. Patients presenting with dyspnea are highly unlikely to have AHF at brain natriuretic peptide levels <100 pg/ml, whereas a diagnosis of AHF is likely at brain natriuretic peptide levels >400 pg/ml. For N-terminal probrain natriuretic peptide, the optimal cutoff level for ruling out a diagnosis of AHF is <300 pg/ml, whereas values >450 pg/ml (younger than 50 years), >900 pg/ml (50-75 years), and >1800 pg/ml (older than 75 years) all substantially increase the probability of diagnosis. Different thresholds should be used for obese patients and those with renal dysfunction. Given the linear decrease in brain natriuretic peptide levels with increasing body mass index, obese patients (>30 kg/ m 2 ) should have their brain natriuretic peptide values doubled to use the standard cutoff levels; no corrections are necessary for N-terminal probrain natriuretic peptide levels. increases in natriuretic peptide levels in patients with renal dysfunction have been attributed more to the presence and extent of cardiac pathology than to impaired renal clearance. 8 the cutoff levels suggested for patients with an estimated glomerular filtration rate of <60 ml/min/1.73 m 2 are 200 pg/ ml (brain natriuretic peptide) and 1200 pg/ml (N-terminal probrain natriuretic peptide). 9 Although the American college of cardiology Foundation/American Heart Association guidelines state that both brain natriuretic peptide and N-terminal probrain natriuretic peptide values are useful in diagnosis (but cannot be used interchangeably), they do not indicate a preference for the use of one over the other. 1 clinician choice of which natriuretic peptide to assess may be influenced by fluctuations with age, central laboratory preference, halflife, and other factors, as described above. Many experts believe that even if the diagnosis of AHF is clear, a natriuretic peptide level will give important prognostic information to help triage patients to the appropriate level of care (eg, intensive care unit, telemetry, floor, or home). in addition, compared with physician estimation, brain natriuretic peptide levels have been suggested to be more predictive of near-term events. 10 Approximately 25% of patients have natriuretic peptide levels in the "gray zone" [brain natriuretic peptide: 100-400 pg/ml; N-terminal probrain natriuretic peptide: 300-450 pg/ml (younger than 50 years), 300-900 pg/ml (50-75 years), and 300-1800 pg/ml [older than 75 years)] and therefore additional clinical information is required for differential diagnosis. 8 Other conditions that cause a rise in brain natriuretic peptide/N-terminal probrain natriuretic peptide levels, such as those causing myocardial stretch (eg, acute pulmonary embolus, acute coronary syndrome, and primary pulmonary hypertension), should be considered. A biomarker of emerging interest for individuals within the gray zone is midregional pro-atrial natriuretic peptide. the literature suggests that measurement of a midregional pro-atrial natriuretic peptide level, although not routinely performed outside of academic centers, adds to the diagnostic capability of brain natriuretic peptide or N-terminal probrain natriuretic peptide levels. 11 A midregional pro-atrial natriuretic peptide cutoff level of 120 pmol/l can be used to rule out a diagnosis of AHF in most patients, with a lower cutoff value recommended for patients younger than 50 years and obese patients. 12 Delays in diagnosis, including those due to the measurement of natriuretic peptide levels, are strongly associated with delays in the treatment of AHF, which in turn, are independently associated with worse outcomes such as increased mortality. in an analysis of patients in the Acute Decompensated Heart Failure National Registry who required eD admission and treatment with intravenous diuretics, time to diuretic treatment and time to brain natriuretic peptide level measurement were divided into quartiles for 58,465 episodes from 209 hospitals. Patients who experienced the longest time between admission and measurement of brain natriuretic peptide levels also experienced the longest time to diuretic treatment. in addition, the longer the wait for diuretic treatment, the smaller the percentage of patients who were asymptomatic at discharge, and treatment delay was associated with increased in-hospital mortality (Fig. 1) . 13 we therefore recommend assessment of biomarker levels as quickly as possible in the setting of an uncertain diagnosis, ideally within the first 60 minutes after presentation in patients with high acuity.
Risk Stratification
Nearly 1 million annual eD visits between 2006 and 2010 were for AHF.
14 likely due to the lack of good risk-stratification tools, 15, 16 and unacceptable rates of relapse and mortality after an eD discharge, 17 ,18 more than 80% resulted in a hospital admission. 14 this accounts for a substantial portion of the projected $70 billion to be spent on heart failure care by 2030. 3, 4 Unfortunately, up to 20% of patients will be readmitted within 30 days as a result of both heart failure-related issues and other concomitant comorbidities. Heart failure is the primary reason for Medicare hospital readmissions. 19, 20 Recent policy changes have driven pressure on hospitals and medical systems to change this cycle of admission-readmission or face financial consequences. 21 Once admitted, in-hospital mortality rates among patients with AHF generally range from 4% to 7%, but may be substantially greater in high-risk subsets. 22 Mortality is high after an episode of AHF with 60-day and 1-year mortality rates of approximately 10% and 20%, respectively, but again higher in high-risk subsets. 23, 24 it has been estimated that up to 50% of admitted patients are at low risk for short-term morbidity and mortality and may be candidates for aggressive outpatient therapy and careful follow-up. 23 in contrast, high-risk patients should receive aggressive in-hospital treatment. 1 the importance of accurate risk stratification cannot be underestimated.
American College of Cardiology Foundation/American Heart Association Guidelines
Several multivariable risk scores are recommended (class of recommendation iia, level of evidence B) to predict outcomes for patients with AHF. 1 Guidelines specifically mention the Acute Decompensated Heart Failure National Registry classification and Regression tree Model, American Heart Association Get with the Guidelines Score, enhanced Feedback for effective cardiac treatment Risk Score, evaluation Study of congestive Heart Failure 
Expert Opinion
the lack of evidence-based guidelines for interventions that improve morbidity and mortality in AHF reflects the lack of progress in the development of such therapies despite extensive efforts. clinical experience and judgment in this setting is key to identifying those patients at higher risk and then tailoring available therapies as best as possible.
A variety of factors have been identified that place patients at high risk of morbidity and mortality, including prior hospitalizations for AHF, low serum sodium (<135 meq/l), increased blood urea nitrogen (>40 mg/dl) or creatinine (>3 mg/dl), increased liver function tests (eg, typically a substantial, rapid increase in aminotransferase and lactic dehydrogenase levels 10-20 times normal in 1-3 days after hemodynamic insult), low systolic blood pressure (<100 mm Hg), ischemic changes on electrocardiogram, and increased troponin t or i. [25] [26] [27] For example, a positive troponin test is an independent predictor of adverse outcomes, 26, 28 with higher levels indicative of greater risk for both shortterm and long-term mortality. 29 Patients with any of the above high-risk factors should be evaluated and considered for treatment in an inpatient setting. the same approach should be considered for patients with an intermediate level of risk, including those with a substantial increase in brain natriuretic peptide level (>1000 pg/ml) or N-terminal probrain natriuretic peptide level (>5000 pg/ml), or borderline low-normal systolic blood pressure (100-120 mm Hg). 25 if a patient is determined to be at high risk upon initial assessment, it should inform decision making throughout hospitalization and follow-up.
identifying low-risk patients is more difficult but equally important because it will help to reduce unnecessary hospitalizations. Determining AHF clinical profiles safe for either eD or acute care clinic discharge, or discharge after a brief period of treatment and observation, would be of great utility. Unfortunately, risk-prediction instruments in AHF have been largely unsuccessful when attempting to define a cohort of patients safe for early discharge and at low-risk of 30-day mortality and readmission. 23, 30 More importantly, risk tools have not been implemented in these settings to determine how they add to, or detract from, clinician gestalt. As a result, published tools have had little impact on eD or acute care clinic disposition decision making.
these limitations notwithstanding, the absence of any highrisk factors or normal troponin levels each has been associated with lower risk for subsequent morbidity and mortality, 25, 31 although further research is needed. Results of the ongoing identifying Highand low-Risk Heart Failure Patients in the emergency Department study, expected in December 2014, should help in this regard. 32 in the identifying High-and low-Risk Heart Failure Patients in the emergency Department study, clinical and laboratory information obtained prospectively from eD patients with suspected AHF will be used to develop a decision tool to help predict risk for inpatient and outpatient complications from AHF. A fertile area of ongoing research is the evaluation of novel biomarkers for risk stratification (eg, copeptin, midregional adrenomedullin), including in combination with clinical variables or natriuretic peptides and how they might complement one another in the assessment of risk. 33, 34 For example, in the Multinational Observational cohort on Acute Heart Failure study, the addition of biomarkers to a clinical prediction model incrementally improved risk stratification for predicting 30-day and 1-year mortality. 34 Because the rate of admission for patients with AHF is high (~80% nationally), and has remained largely unchanged over the past few years, 14, 15 we recommend a more comprehensive approach for risk assessment to possibly modify this clinical inertia. we suspect the complicated and heterogeneous AHF patient may need both an objective evaluation of physiologic risk and an assessment of barriers to ideal self-care (eg, medication access, transportation, health literacy, diet, exercise facilities, caregiver support), along with strategies to address these challenges. [35] [36] [37] [38] [39] Social, behavioral, and environmental factors strongly influence one's ability to implement the healthy lifestyle required to optimally manage chronic illness. 40 ,41 efforts should be aimed at combining existing and future risk-prediction tools with clinical gestalt, identifying important self-care behaviors and existing patient barriers, and improving collaboration between providers, patients, and caregivers. Such collaboration from all stakeholders encourages interaction to establish a care path based on mutual agreement, or "shared decision making." 42, 43 Most important is the active engagement of patients when healthcare decisions are made (eg, convergence of medical options) that have potentially serious consequences and long-term implications. 44 examples include decisions on diagnostic testing, treatments, and admission; all may result in compelling quality-of-life issues and further downstream interventions.
15,45
Case Study-Revisited in our case study, the medical history, current presentation, and diagnostic evaluation suggested that Josephine's dyspnea was due to AHF, but a pulmonary process such as pneumonia was not ruled out in the eD and was considered the most likely cause of her dyspnea by the healthcare team. She was treated with antibiotics and bronchodilators and remained in the eD for 24 hours until a bed opened up in the intermediate care unit. Once there, she was noted to have ongoing dyspnea at rest and a blood pressure of 160/95 mm Hg. Because of persistent dyspnea, her first brain natriuretic peptide level was obtained after transfer and returned as 650 pg/ml. this established that AHF was present, but the correct diagnosis had been delayed by nearly 36 hours.
Josephine has comorbidities that are typical of patients with AHF (ie, hypertension, moderate renal dysfunction), along with several laboratory findings that place her at significant risk for morbidity and mortality (eg, positive troponin, moderate renal insufficiency, increased liver function tests). 46 Registry data from the United States (Acute Decompensated Heart Failure National Registry study) highlight the fact that the majority of patients admitted to hospital for AHF have increased systolic blood pressure (50% had a first recorded systolic blood pressure >140 mm Hg). 47 increased blood pressure has been found in nearly 80% with left ventricular ejection fraction 40% to 55%. 48 in addition, about 43% have moderate renal dysfunction, although many cases are undiagnosed. 49 Based on the Acute Decompensated Heart Failure National Registry classification and Regression tree Model, Josephine would be classified as intermediate risk level 2, which has an associated in-hospital mortality rate of 6.41%. 22 immediate treatment is warranted, and enough high-risk factors are present to justify hospitalization. An alternative to hospitalization for lower-risk patients is management in an observation unit. 50 Of note, whereas penalties are instituted for excessive rehospitalizations, the centers for Medicare and Medicaid Services provides reimbursement for AHF care in an observation unit.
AHF-A COMPLEX SYSTEMIC DISEASE
AHF is a complex systemic disease that causes organ damage and can cause death if not quickly treated (Fig. 2) . Despite advancements in the clinical knowledge of AHF, there remains an incomplete understanding of all the processes involved in its development and progression. initial treatment must be focused on relieving symptoms and hemodynamically stabilizing the patient to prevent further organ damage. traditionally, AHF was considered a disorder of fluid overload caused by increased renal sodium and water retention. increased fluid volume was felt to be due to noncompliance with medications and/or diet. Patients were treated with diuretics to normalize fluid volume levels and alleviate congestion. However, findings that AHF is not associated with increased weight gain due to fluid retention led to the belief that congestion can also be caused by fluid redistribution rather than just fluid accumulation. 51 thus, treatment of AHF with diuretics alone is not sufficient to prevent the damage that can occur to multiple organ systems, which may explain the lack of evidence base with these agents concerning improved long-term outcomes.
AHF is a clinical syndrome with heterogeneous underlying contributing factors and a somewhat variable clinical presentation, depending on the components responsible for its initiation. A history of ischemic heart disease is common in these patients, and subsequent myocyte necrosis can be a trigger for AHF. 52 in addition, decreased coronary perfusion during AHF can cause myocardial ischemia and myocyte damage. venous congestion has recently been reported to cause inflammation and neurohormonal and endothelial activation. 53 vasoconstriction can impair renal blood flow during AHF, resulting in renal dysfunction and activation of the renin-angiotensin-aldosterone system. Renin-angiotensin-aldosterone system activation promotes tubular absorption of sodium and water and thus plays a role in the progression of fluid imbalance. Renal insufficiency is frequently associated with AHF and can also result from decreased renal perfusion and, regardless of cause, is associated with poor patient outcome. 54 An estimated two-third of patients with AHF have at least moderate renal insufficiency at presentation, 49 and about 25% develop cardiorenal syndrome after hospitalization. 55 AHF has been reported to cause hepatic dysfunction as a result of reduced blood flow and cases of acute liver failure have been documented in this population, especially with right-sided failure and hepatic congestion. 56 increased levels of inflammatory cytokines have been observed in AHF, but therapeutic interventions to treat inflammation have not proven successful. 57 However, it is believed that inflammatory activation in AHF can lead to pulmonary fluid overload without increasing total body fluid. 51 in addition, increased expression of regulatory neurohormonal molecules (eg, norepinephrine, angiotensin ii, endothelin, and aldosterone) contributes to disease progression. 58 Approximately half of patients with heart failure have a preserved ejection fraction, the incidence of which is increasing at a significant rate relative to heart failure with reduced ejection fraction. 59 this is felt to be due to a combination of better interventions for the treatment of acute coronary syndromes and also greater awareness of heart failure with a preserved ejection fraction as a distinct entity. Heart failure with a preserved ejection fraction is characterized by normal or near-normal systolic function with some evidence of diastolic dysfunction. these individuals are more likely to be older, female, obese, diabetic, hyperlipidemic, hypertensive, and to have coronary AHF with underlying heart failure with reduced ejection fraction is often associated with some degree of systolic pump failure; in cases of heart failure with a preserved ejection fraction, a stiff noncompliant ventricle along with noncardiac pathophysiologic factors predominate. the detection of heart failure with a preserved ejection fraction is more challenging than heart failure with reduced ejection fraction because of the necessity of excluding other potential noncardiac causes of symptoms suggestive of heart failure. like heart failure with reduced ejection fraction, heart failure with a preserved ejection fraction is associated with significant morbidity and mortality. therapies targeting neurohormonal activation pathways such as the renin-angiotensin-aldosterone system have been ineffective in treating heart failure with a preserved ejection fraction, and novel treatment strategies are necessary for this population.
62 the disparate ejection fraction values found between heart failure with a preserved ejection fraction and heart failure with reduced ejection fraction are likely due to differences in myocardial remodeling. in heart failure with a preserved ejection fraction, increased oxidative stress reduces myocardial nitric oxide bioavailability and cardiomyocytes become stiff and hypertrophied as a result of reduced protein kinase G activity. 63 Myocardial remodeling in heart failure with reduced ejection fraction is driven by cardiomyocyte death caused by ischemia, infection, or toxicity resulting in increased collagen production. 63 if ischemic conditions such as coronary artery disease and acute coronary syndrome can be better treated in AHF, the proportion of patients with heart failure with a preserved ejection fraction is likely to rise.
Initial Therapy Options for AHF
to facilitate treatment of AHF, patients can be classified into subgroups depending on their clinical presentation (table 3) . 64 Blood pressure is particularly important in this regard. Many patients (~50%) present with normal or moderately increased blood pressure, and about 25% have high blood pressure (systolic >160 mm Hg). Few patients (<8%) present with low blood pressure (<90 mm Hg). each subgroup is associated with unique characteristics that necessitate a personalized treatment approach.
American College of Cardiology Foundation/American Heart Association Guidelines
Diuretic therapy is the primary method of reducing fluid imbalance in AHF. the most common and effective diuretics used in AHF are loop diuretics. these agents inhibit activity of the sodium-potassiumchloride cotransporter in the thick ascending limb of the loop of Henle and prevent reabsorption of sodium and water. the American college of cardiology Foundation/American Heart Association guidelines recommend that hospitalized patients with AHF with significant fluid overload receive prompt treatment with intravenous loop diuretics (class of recommendation i, level of evidence B). 1 Nitrodilators such as nitroglycerin have been used for decades to treat vasoconstriction in AHF. Upon administration, nitrates break down to produce nitric oxide, which directly activates the protein guanylate cyclase in vascular smooth muscle cells and induces systemic relaxation. Because they have a direct chemical action, nitrodilators can be considered "chemovasodilators." Nesiritide, a recombinant formulation of brain natriuretic peptide, also stimulates vasodilation by activating guanylate cyclase in vascular smooth muscle cells. Because it works via a receptor, nesiritide can be considered a "biovasodilator." the American college of cardiology Foundation/ American Heart Association guidelines recommend that if symptomatic hypotension is absent, use of intravenous nitroglycerin, nitroprusside, or nesiritide may be considered an adjuvant to diuretic therapy for relief of dyspnea in patients admitted with AHF (class of recommendation iib, level of evidence A).
1 the Acute Study of clinical effectiveness of Nesiritide in Decompensated Heart Failure trial demonstrated no long-term benefit of nesiritide over placebo, but put to rest claims of worsened outcomes and worsened renal function with nesiritide therapy. 65 therapy with parenteral inotropes increases cardiac output by improving myocardial contractility and reducing left and right ventricle filling pressure. these agents may be the best option in the subset of patients with severe systolic dysfunction who present with low blood pressure and significantly depressed cardiac output to maintain systemic perfusion and preserve end-organ performance (class of recommendation iib, level of evidence B). 1 However, in the absence 
Expert Opinion
Diuretics remain the mainstay of treatment for AHF despite concern about potential adverse effects. Sustained use of diuretics can lead to the development of diuretic resistance such that higher doses will be required to obtain a response. when given at high doses, diuretics can cause renin-angiotensin-aldosterone system and sympathetic nervous system activation, electrolyte disturbances, nephrotoxicity, and ototoxicity. 66 Some pharmacokinetic and pharmacodynamic data suggested potential benefits with continuous infusion over intermittent bolus dosing, but results from the Diuretic Optimization Strategies evaluation trial found no significant difference in patients' global assessment of symptoms or change in renal function when comparing these 2 treatment strategies. 67 Moreover, there were no significant differences in the aforementioned parameters when comparing high-and low-dose administration. Because patients in the Diuretic Optimization Strategies evaluation trial had a median time from presentation to randomization of 14.6 hours, these findings may not reflect early diuretic effects. 67 Previous findings of an association between poor patient outcome and high doses of diuretics may have been due to the severity of disease in patients receiving high doses rather than the diuretic dose. However, in an analysis of Acute Decompensated Heart Failure National Registry, the nearly 20,000 patients who received furosemide ≥160 mg were found to have a higher risk of in-hospital mortality, intensive care unit stay, prolonged hospitalization, or adverse renal effects compared with the nearly 63,000 patients who received furosemide <160 mg. 68 clinical experience suggests that this association may have been due to the need for higher diuretic doses in patients who already had more severe disease and a poorer prognosis. in the Renal Optimization Strategies evaluation trial, which evaluated whether addition of low-dose dopamine (2 μg/kg/min) to diuretic therapy or addition of low-dose nesiritide (0.005 μg/kg/min without bolus) to diuretic therapy could enhance decongestion and preserve renal function compared with the addition of placebo to diuretic therapy in patients with AHF and renal dysfunction, neither strategy was able to provide these benefits. 69 there is a sense among some experts that vasodilator therapy is underutilized in the management of AHF, although compelling supportive data are lacking. As reviewed elsewhere, low doses of nitrodilators have been shown to improve some aspects of dyspnea shortly after administration, and early treatment with high-dose nitrodilators was found to improve arterial oxygenation and possibly lower the risk of myocardial infarction. 70 However, tolerance to the hemodynamic effects of these agents may develop after a few hours of treatment. 71 Blood pressure must be closely monitored during administration of nitrodilators to prevent the development of hypotension. care must also be taken when stopping treatment as abrupt discontinuation can induce neurohormonal activation and cause rebound vasoconstriction, resulting in an increase in blood pressure. 70 the lack of adequately powered prospective studies with nitrodilators and findings that these agents may lead to worse patient outcome, especially in individuals with myocardial ischemia, necessitate that these drugs be judiciously used. 70 Nesiritide was initially found to reduce pulmonary capillary wedge pressure and improve dyspnea shortly after administration. 72, 73 Questions about the effect of nesiritide on renal function 74 and survival 75 gave rise to the Acute Study of clinical effectiveness of Nesiritide in Decompensated Heart Failure trial to assess shortterm (30 days) and long-term (6 months) clinical outcomes in a broad population of patients with acute decompensated heart failure. 65 in the Acute Study of clinical effectiveness of Nesiritide in Decompensated Heart Failure trial, nesiritide had a neutral effect on mortality at 30 and 180 days and had no significant effect on dyspnea in this large-scale trial. in addition, renal function was not impaired by nesiritide. the rate of hypotension was increased in patients on nesiritide, but this effect was not related to the occurrence of severe adverse events. Although these findings were reassuring about the safety of vasodilator therapy, we agree with the authors' conclusion that, based on the results from this study, "nesiritide cannot be recommended for routine use in the broad population of patients with acute heart failure." inotropic agents should only be used as rescue therapy for patients with "low cardiac output" syndrome, which is characterized by peripheral hypoperfusion that is refractory to volume replacement, diuretics, and nitrodilators. Use in patients at risk for myocardial ischemia should be carefully considered because of increased rates of myocardial oxygen consumption after inotropic therapy. Potentially harmful results have been documented by findings of an increased risk of in-hospital mortality after use of these agents in a retrospective analysis of several AHF registries. 76, 77 However, the increased mortality could be due to confounding factors such as the most severely affected patients receiving inotropic agents and the use of such treatment for recovery of vasodilator-induced hypotension. 77 in the Outcomes of a Prospective trial of intravenous Milrinone for exacerbations of chronic Heart Failure trial, treatment with milrinone did not decrease the length of hospitalization for cardiac causes and resulted in a greater risk of sustained hypotension and new atrial arrhythmias.
78

Case Study-Initial Treatment
Josephine was ordered to bed rest and given 6 l of oxygen via a nasal cannula. Oxygen saturation levels were monitored for a target saturation of 94% to 98%. the diuretic furosemide was given intravenously at 40 mg to treat fluid accumulation. For relief of breathlessness and because this patient was hypertensive, intravenous nitroglycerin was initiated at 10 μg/min and up-titrated until response. treatment with inotropic agents was not warranted.
the primary goals of initial treatment in AHF are hemodynamic stabilization of the patient, alleviation of symptoms, reduction of congestion, and prevention of further organ damage. 79 An important consideration in the initial management of AHF is whether or not the patient has increased blood pressure, a common trigger of AHF. Hypertension is prevalent at the time of presentation in the majority of patients with AHF, 47, 64, 80 including Josephine, and timely treatment is critical for preventing organ damage caused by impaired perfusion. Patients with heart failure with reduced ejection fraction should be treated in the long term with inhibitors of neurohormonal activation such as angiotensin-converting enzyme inhibitors, beta blockers, and aldosterone antagonists to enhance diuresis and reduce vasoconstriction. Josephine's left ventricular function is more on the preserved side, but these agents may be considered for her associated cardiovascular disease. She is already on 2 of these agents, but could be considered for aldosterone antagonists as well. continuing and optimizing these life-saving medications as tolerated during hospitalization is important, and their use should be a major consideration at discharge and during chronic follow-up.
Morphine can be used to alleviate breathlessness in patients with AHF, but caution must be taken because its use may be associated with increased length of hospitalization and higher mortality. 81 in the case of AHF with hyponatremia, the v 2 -selective vasopressin antagonist tolvaptan should be used to improve neurocognition. 1 Hydralazine and isosorbide dinitrate therapy is indicated in African American patients with heart failure with reduced ejection fraction who remain symptomatic despite concomitant use of angiotensin-converting enzyme inhibitors, beta blockers, and aldosterone antagonists. 
American College of Cardiology Foundation/American
Heart Association Guidelines these guidelines recommend that the effect of treatment should be monitored with careful measurement of fluid intake and output, vital signs, body weight that is determined at the same time each day, and clinical signs and symptoms of systemic perfusion and congestion. Daily serum electrolytes, blood urea nitrogen, and creatinine concentrations should be measured during the use of intravenous diuretics or active titration of medications (class of recommendation i, level of evidence c). 1 Patients with AHF often have impaired renal function, which can reduce the effectiveness of loop diuretics. the American college of cardiology Foundation/American Heart Association guidelines recommend that low-dose dopamine infusion may be considered, in addition to loop diuretic therapy, to improve diuresis and better preserve renal function and renal blood flow (class of recommendation iib, level of evidence B). 1 An alternative approach to diuretics for volume removal in AHF is ultrafiltration. Ultrafiltration facilitates the extracorporeal removal of plasma water from whole blood across a semipermeable membrane with a transmembrane pressure gradient. 83 Ultrafiltration has several potential advantages over traditional therapy for diuresis, including closer regulation of the hourly rate of fluid removal, avoidance of diuretic-associated electrolyte abnormalities, and a greater level of sodium removal for a given amount of volume. 84 Although initial studies provided promising safety and efficacy data, 85 ,86 a subsequent study in patients with cardiorenal syndrome and persistent congestion did not demonstrate a significant advantage of ultrafiltration over bolus diuretic therapy. 87 larger studies in broader patient populations are needed to determine the risk:benefit profile and costeffectiveness of ultrafiltration as a method of fluid removal in AHF. 84 the American college of cardiology Foundation/American Heart Association guidelines recommend that, if all diuretic strategies are unsuccessful, ultrafiltration may be considered for patients with (a) obvious volume overload to alleviate congestive symptoms and fluid weight (class of recommendation iib, level of evidence B) and (b) refractory congestion not responding to medical therapy (class of recommendation iib, level of evidence c). 1 However, limited clinical experience, accessibility, and financial limitations may prevent its use in some care settings. 88 the validation of brain natriuretic peptide or N-terminal probrain natriuretic peptide as biomarkers for the assessment of AHF led to investigation of their ability to guide patient-care decisions. the American college of cardiology Foundation/American Heart Association guidelines recommend monitoring levels of either of these natriuretic peptides to provide guidance for AHF therapy (class of recommendation iib, level of evidence c). 
Expert Opinion
clinical trials have found inpatient improvements in levels of decongestion to be variable, with significant numbers of patients still experiencing symptoms of congestion upon discharge. 84 Dyspnea can aid in the guidance of therapy because lack of dyspnea relief has been associated with slower rates of decongestion and worse patient outcome. 89 Hemoconcentration is associated with aggressive diuretic use and worsening of renal function, but improved survival. 90 therefore, we recommend the aggressive use of diuretics, even in the presence of an initial worsening of renal function, to continue the process of decongestion.
the initial relief of dyspnea caused by pulmonary congestion is a welcome initial improvement in patients hospitalized with AHF. However, the clinical assessment should include orthopnea and dyspnea on exertion because these can often reveal residual congestion requiring further diuresis. even in patients reporting symptomatic improvement, the presence of residual congestion at the time of discharge has been associated with a poor prognosis. 91, 92 in addition to persistent and residual congestion, episodes of in-hospital worsening heart failure have emerged as an important early prognostic sign because they have been associated with slower improvement of dyspnea, longer hospitalizations, higher readmission rates, and increased mortality. 93, 94 Patients with worsening heart failure should be considered treatment failures because worsening heart failure is defined as a failure in improvement of dyspnea on initial therapies or a subsequent need during hospitalization for increased or rescue intervention with additional parenteral pharmacological or mechanical support. worsening heart failure occurs in up to 40% of patients hospitalized with AHF and identifies those who may benefit from intensive management. 94, 95 if risk factors for worsening heart failure can be identified, earlier interventions may prevent such episodes and lead to improved outcomes. 96 Observational studies have shown that improved clinical outcomes are associated with lowering of brain natriuretic peptide/Nterminal probrain natriuretic peptide levels, 97, 98 but randomized controlled trials have yielded mixed results on the benefit of using natriuretic peptide levels to guide therapy. 99 criticism of some of the negative studies was due to the fact that natriuretic peptide levels were not drawn with any frequency and, if they were, results were not acted upon. interestingly, a comprehensive meta-analyses showed that brain natriuretic peptide-guided therapy reduced allcause mortality compared with standard clinical care, especially in patients younger than 75 years. 100, 101 taken with the American college of cardiology Foundation/American Heart Association guidelines, these findings, and those reviewed by others, [102] [103] [104] suggest that guidance of patient care by brain natriuretic peptide/N-terminal probrain natriuretic peptide levels may be an effective method of managing AHF.
Case Study-Reassessment
At 48 hours after hospital admission, Josephine was resting in the intermediate care unit with improved symptoms. Her blood pressure had decreased to 136/92 mm Hg but was still increased due to background hypertension. She had lost 3 pounds since admission. Her symptoms of dyspnea, cough, wheezing, and leg edema had improved. However, her orthopnea and dyspnea on exertion persisted. Brain natriuretic peptide and troponin i levels were reduced to 275 pg/ml and 50 ng/l, respectively. Blood urea nitrogen levels had decreased to 25 mg/dl, serum creatinine levels had increased to 1.3 mg/dl, and estimated glomerular filtration rate had decreased to 45 ml/min/1.73 m 2 . Additional intravenous doses of furosemide were administered and resulted in further decongestion. Her white blood cell count decreased to 9000 cells/mm 3 and liver enzyme levels returned to normal. electrolyte levels were normal. chronic therapeutic administration of enalapril, bisoprolol, and triamterene was continued during hospitalization.
Significant progress had been made in treating Josephine since her presentation at the eD. Going forward, it is important to educate the patient about further steps to help with blood pressure control such as losing weight and regular physical activity. Her symptoms of congestion were alleviated by reducing fluid volume, leading to reduced stress and anxiety. However, the presence of residual orthopnea and dyspnea on exertion indicated that substantial congestion remained. Furosemide therapy should be continued, even though her serum creatinine level had increased, to complete the removal of excess fluid and decongestion. Biomarker levels taken after initial treatment can provide valuable information about patient outcome because reductions in admission brain natriuretic peptide levels are associated with improved clinical outcome. the >46% reduction from Josephine's admission brain natriuretic peptide levels, coupled with brain natriuretic peptide levels <300 pg/ml, are suggestive of a positive patient outcome.
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A common oversight that can negatively impact regulation of hypertension and fluid retention is the discontinuation of chronic oral medications after admission to the hospital and thus it is important to ensure continuation of these therapies as tolerated. Patients experiencing large degrees of volume loss may experience hypotension and should have their antihypertensive agents adjusted as needed.
Preparing for Discharge and beyond
in preparation for discharge, patient education concerning management of AHF and any comorbidities is beneficial in reducing future hospitalizations, mortality, and healthcare costs. 106 A social support system is also valuable in helping the patient comply with medication and follow-up recommendations, maintain a healthy lifestyle, and reduce stress. lack of a social support system has been associated with an increased risk of rehospitalization and mortality.
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American College of Cardiology Foundation/American Heart Association Guidelines these guidelines have several recommendations for management of AHF after discharge. 1 Patients should receive specific education to facilitate self-care (class of recommendation i, level of evidence B). in addition, patients with chronic heart failure should have a clear, detailed, and evidence-based plan of care that ensures the achievement of guideline-directed medical therapy goals, effective management of comorbid conditions, timely follow-up with the healthcare team, appropriate dietary and physical activities, and compliance with Secondary Prevention Guidelines for cardiovascular disease (class of recommendation i, level of evidence c). this plan of care should be updated regularly and made readily available to all members of each patient's healthcare team.
Expert Opinion
identification of high-risk patients, as previously described, is important for determining when patients should be discharged. early discharge, especially when residual congestion is present, can increase the likelihood of further morbidity, rehospitalization, and result in increased healthcare costs. For low-risk patients, discharge may be appropriate after a short observation period, but randomized clinical trials are necessary to determine the effectiveness of such an approach. 50 Patient outcome is associated with levels of congestion at time of discharge and typically decongestion should be optimal before the patient's discharge. Methods of outpatient decongestion are not as effective and, in patients with persistent congestion, rehospitalization could be required. it is also clear that utilization of biomarkers near the time of discharge provides an important element in risk stratification. Biomarkers of wall stress (natriuretic peptides), necrosis (troponins), inflammation (St2), fibrosis (galectin-3), and kidney injury (neutrophil gelatinase-associated lipocalin, cystatin c) may all prove helpful in this regard, albeit availability of such tests may be limited in routine practice.
A personalized treatment plan should be developed before discharge that takes into account the physiological characteristics of the patient's disease in addition to their social support system, resources, motivation, and ability to understand their disease. Using a teach-back method can aid in confirming that the patient understands the reasons for pharmacologic therapy and lifestyle adjustments. Medications should be reviewed for those that can cause fluid retention or that have negative inotropic effects. Dietary sodium requires careful restriction and water intake should be decreased as needed; dietary adjustments are an important part of the discharge education program to promote compliance with low sodium intake. the patient should be encouraged to increase levels of physical activity because exercise training (or regular physical activity) has been shown to be safe and may be beneficial in this population. 15 For patients with sleep apnea, continuous positive airway pressure may be appropriate to help prevent congestion and to improve left ventricular ejection fraction and cardiac function. 108 Another component of patient education that can help reduce rehospitalization rates is addressing known triggers of AHF. As mentioned previously, hypertension is a common precipitant of AHF hospitalization and thus pharmacologic regulation of blood pressure is important for patient management. Patient education about the rationale for prescribed drugs can help improve compliance. Atherosclerosis is another common condition in patients with AHF; hyperlipidemia can be treated with statins to reduce the risk of AHF. Glucose levels should also be regulated in diabetic patients with AHF. chronic kidney disease is also common in patients with heart failure, so it is important to evaluate the patient's renal function and plan heart failure treatment accordingly; agents that exacerbate kidney dysfunction should be avoided. 109 Obesity has been found to be associated with an increased risk for AHF and thus patients should be encouraged to lose weight through exercise and diet modification. education about the detrimental effects of tobacco, alcohol, cocaine, and amphetamine use should be conducted, as appropriate. Drugs for comorbid conditions such as cardiotoxic chemotherapy regimens and trastuzumab can trigger AHF. in these patients, heart function should be closely monitored for left ventricular dysfunction, and an angiotensin-converting-enzyme inhibitor, such as enalapril, may be given early on to prevent cardiotoxicity. 110 Patient education should begin early after admission and continue through all levels of care in the hospital. this requires effort from multiple members of the patient care team, including physicians and nurses. education should not be limited to the patient alone; family members or caregivers should be included when possible. care of the patients does not end when they are discharged from the hospital because patients will likely require additional assistance from pharmacists, social workers, and their own family.
Case Study-Discharge
Josephine was prepared for discharge Friday afternoon, approximately 5.5 days after presentation to the eD. On Friday morning, Josephine had an hour-long education session with a nurse educator. the nurse educator detailed the causes of AHF and the rationale for pharmacologic therapies using the teach-back method. Josephine was instructed to limit her sodium intake to <3000 mg/d and fluid intake to ≤2000 ml/d. She was also instructed to make daily recordings of her weight to detect fluid retention. Finally, Josephine was encouraged to begin a daily exercise program and warned about the risks of tobacco and heavy alcohol consumption. Josephine's daughter, catherine, will make regular visits to help Josephine make healthy food choices, participate in physical activity, and be compliant with her drug prescriptions.
Rehospitalization of patients with AHF is common and results in substantial healthcare costs. Patient education concerning approaches to prevent the recurrence of AHF is critical. identifying a strong support network before discharge can decrease the chance of readmission. congestion can quickly develop after discharge and require readmission. A follow-up visit should be conducted soon after discharge to monitor for increased fluid retention and adjust medications as needed. Many disease management programs are targeting follow-up to occur within 1 week of discharge. Patient management plans must include strategies to optimize patient compliance, because noncompliance with follow-up visits, treatment regimens, and dietary restrictions is common and leads to poor outcomes. 111 in a recently published analysis of 30-day readmission rates of Medicare beneficiaries hospitalized for heart failure, pneumonia, or acute myocardial infarction, the 30-day readmission rate for patients with heart failure was 24.8%, and 35.2% of those readmissions were for recurrent heart failure. the majority of readmissions (61%) for patients initially hospitalized with heart failure 
THE FuTuRE-AHF THERAPIES IN DEVELOPMENT
A number of new treatment options are being studied that may become available for the future treatment of AHF. Several of these agents are well into clinical development, including levosimendan, serelaxin, omecamtiv mecarbil, and ularitide. levosimendan is an inotropic agent with additional vasodilatory properties.
112 these effects are mediated by enhanced sensitivity of troponin c to intracellular calcium and opening of adenosine triphosphate-dependent potassium channels in smooth muscle cells, respectively. clinical trials with levosimendan have had mixed results. in the randomized, double-blind, active-controlled phase 3 Survival of Patients with Acute Heart Failure in Need of intravenous inotropic Support trial, a short-term intravenous infusion of levosimendan did not improve all-cause mortality at 31 or 180 days compared with dobutamine. 113 the Randomized evaluation of intravenous levosimendan efficacy i and ii double-blind, placebo-controlled trials showed that intravenous infusion of levosimendan over 24 hours, when added to standard treatment, improved the short-term clinical course of patients with acute decompensated heart failure. However, treatment with levosimendan was associated with an increased incidence of hypotension and cardiac arrhythmias during the infusion period, and deaths were numerically higher in levosimendan-treated patients. 114 levosimendan is currently approved for use in approximately 40 countries, but it is not approved for use in the United States.
Serelaxin is a recombinant form of human relaxin-2, an endogenous hormone that mediates maternal adaptations to pregnancy through binding to the relaxin receptor. Serelaxin induces receptormediated initiation of vasodilation (biovasodilation) resulting in increased renal blood flow, arterial compliance, and cardiac output. 115 this mechanism of action clearly distinguishes it from nitrodilators that do not act in a receptor-dependent manner. Animal studies have identified other activities that may contribute to the beneficial effects of serelaxin, including antifibrotic and antiinflammatory effects. 115 in the Relaxin in Acute Heart Failure trial, intravenous serelaxin relieved dyspnea, reduced evidence of organ damage, reduced the incidence of in-hospital worsening of heart failure (as measured by the need for intravenous therapies and mechanical or ventilator support), lowered long-term mortality across multiple subgroups of patients with AHF, and had a benign safety profile. 46, 116, 117 the response to serelaxin was consistent, regardless of left ventricular ejection fraction. 117, 118 For enrollment into the Relaxin in Acute Heart Failure trial, patients were required to have systolic blood pressure >125 mm Hg and increased brain natriuretic peptide levels, but could have reduced or preserved ejection fraction. therefore, although the trial population contains a large fraction of all patients with AHF, it does not encompass all subgroups of AHF patients such as those with hypotension. in addition, rehospitalization rates were unchanged, a finding that could be due in part to reductions in mortality. the randomized, double-blind, placebocontrolled, phase 3 Relaxin in Acute Heart Failure-2 trial is ongoing. 119 More than 6000 patients with AHF are expected to be enrolled with patients receiving study medication in addition to standard treatment. the primary efficacy endpoint is time to confirmed cardiovascular death during the follow-up period of 180 days. the Relaxin in Acute Heart Failure-2 trial is expected to be completed in June 2016.
Omecamtiv mecarbil is an investigational inotropic agent that selectively activates cardiac myosin by a unique mechanism. the rate of myosin cross-bridge formation is increased by activation of myocardial adenosine triphosphatase and reduced phosphate binding to myosin, resulting in greater myocardial contractility. intracellular levels of calcium are not altered by omecamtiv. in contrast to existing inotropic agents, omecamtiv increases the duration of systole without changing the rate of left ventricular pressure development. 120 in healthy volunteers, intravenous infusion of omecamtiv increased ejection fraction and fractional shortening and prolonged systolic ejection time. 121 in a small clinical trial, omecamtiv was found to improve cardiac function in stable heart failure patients with left ventricular dysfunction. 122 to date, the efficacy of omecamtiv for the treatment of AHF has not been reported in full, but a randomized, double-blind, placebo-controlled, dose-finding phase 2 trial in patients with AHF and left ventricular systolic dysfunction was recently completed. in this study, the Acute treatment with Omecamtiv Mecarbil to increase contractility in Acute Heart Failure trial, the primary endpoint of dyspnea relief was not met. 123 However, the cohort of patients treated with the highest dose of the drug, which was to achieve plasma concentrations of 310 ng/ ml, showed greater dyspnea relief compared with placebo (51% versus 37%, P = 0.03). Other favorable trends were observed, including reductions in worsening heart failure and supraventricular arrhythmias, and no increase in ventricular arrhythmias. Postrandomization myocardial infarctions (nonfatal, all-index hospitalization) were numerically increased in the omecamtiv groups (5 of 303 patients) than in the placebo groups (2 of 303 patients) but this was not of concern because 2 of the 5 events in the omecamtiv groups occurred long after the infusion had taken place; 1 of the 5 events occurred after the patient had received an intervention for angina that was present before randomization; and the 2 other events occurred in patients with troponin elevations typical of AHF.
124 this study will help identify the dosing regimen to be used in future phase 3 trials.
Ularitide is a synthetic form of the renal natriuretic peptide urodilatin. the effects of ularitide are mediated by cyclic guanosine monophosphate and include vasodilation and inhibition of renal sodium reabsorption and the renin-angiotensin-aldosterone system. in 2 randomized, double-blind, placebo-controlled trials, intravenous infusion of ularitide had significant beneficial effects on hemodynamics and symptoms in patients with decompensated AHF. 125, 126 Specifically, pulmonary capillary wedge pressure, systemic vascular resistance, cardiac index, and dyspnea were improved, without deleterious effects on renal function. the randomized, double-blind, placebocontrolled, phase 3 efficacy and Safety of Ularitide for the treatment of Acute Decompensated Heart Failure trial is ongoing. 127 More than 2000 patients are expected to be enrolled, with patients receiving study medication in addition to standard treatment. the primary efficacy endpoint is improvement in a hierarchical clinical composite that includes the following: patient global assessment of symptoms, persistent or worsening heart failure requiring an intervention, and all-cause mortality. this trial is expected to be completed in March 2015.
it is the hope that 1 or more of these agents will help to satisfy the unmet need for therapies that enhance symptom relief and reduce the substantial morbidity and mortality associated with AHF.
CONCLuSIONS
the management of AHF currently remains clinically challenging. However, even with incomplete evidence and imperfect drugs, we can pay careful attention to diagnosis, choice of initial therapy, in-hospital monitoring of response, and discharge planning to optimize outcomes. these approaches can ensure that the best care is provided to patients until new information and new therapies become available.
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